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Abstract 

The SU(3) octet S S - PP correlator and the difference of the singlet and octet scalar correlators are computed within 
Resonance Chiral Theory. The calculation is carried on up to the one-loop level, i.e., up to next-to-leading order in 
the 1 /Nc expansion. Using the resonance expressions as interpolators between long and short distances, we demand 
the correlators to follow the high-energy power behavior prescribed by the operator product expansion and extract 
predictions for the low-energy constants. By adding more and more complicated operators to the hadronic action, 
our description is progressively improved, producing for the SS-PP correlator the chiral coupling estimates Ls(ju) = 
(1.0 ±0.4)- 1(T 3 and C 38 (//) = (8 ± 5) ■ 1(T 6 for// = 770 Me V. Some first results fortheSiSi -S 8 S 8 correlator are 
shown, like, for instance, the positivity of the spectral function for two-meson cuts, the high-energy constraints for 
each separate scalar form-factor and preliminary expressions for the L(,(p) low-energy constant. 
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1. Introduction 

In this talkQ we discuss the results from a previous 
work on SS-PP correlator [1] together with some new 
estimates for the OZI suppressed difference of the SU(3) 
singlet and octet scalar correlators (S\Si - S$Sg) |2||. 
We will work with a chiral invariant action for the chiral 
pseudo-Goldstones and the meson resonances, namely, 
resonance chiral theory (R^T) J51 0]. The large-Afc 
limit and the 1 /Nc expansion are taken as guiding prin- 
ciples to sort out the different contributions [5], being 
the leading order (LO) provided by the tree-level dia- 
grams and the meson loops suppressed by l/Nc JD-Ql- 
This framework ensures the proper recovery of chiral 
perturbation theory OfPT) at long distances [8]. 

The procedure followed in the analysis of both cor- 
relators is identical. First, the structure of the ampli- 
tude is constrained by imposing the power behaviour 
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prescribed by the operator product expansion (OPE) for 
deep Euclidean momentum p 2 — > -co [9]. After that, 
one is ready to go to the low-energy regime to make 
predictions on the^-PT couplings using the R^T ex- 
pression as an interpolator between short and long dis- 
tances [1]. The phenomenological determinations for 
the LEC Ls(ji) and C3 8 (/u), which rule the SS-PP corre- 
lator at long distances, were found in good agreement 
with previous results in the bibliography Ic HlOul 111 . 

This same machinery has been also applied to the 
S ]S i - S correlator. It is governed at low energies 
by the L^ip) low-energy constant (LEC), which happens 
to be suppressed in the large-A^c limit 0. The study of 
this amplitude casts some first interesting results on the 
relation between singlet and octet scalar resonances, the 
asymptotic short-distance behaviour of the scalar form- 
factors and some preliminary results on L^ifi). 

2. Octet SS - PP correlator 

The two-point Green function SS - PP is defined as 

Uf_ p (p) = ijd 4 xe ipx (0\T[S a (x)S b (0) - P a (x)P b (0)]\0) 

= 5 ab U(p 2 ), (1) 
with the SU(3) octet densities S a = q^=q and P a = 
iq-^kysq, being A a the Gellmann matrices (a — 1, ... 8). 
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In the chiral limit, assumed all along the paper, the 
low-energy expansion of the correlator in ^PT up to 
0(p 6 ) has the form HI, 
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where T 8 = 5/48 [3/16] and TL = -5L 5 /6 [-3L 5 /2] 
in 5 U(3)-xVT [f/(3)-yPT] The coupling L 8 is 

quite relevant in quantum chromodynamics (QCD) phe- 
nomenology, as it is one of the 0(p 4 ) LEC that rule the 
relation between the quark and the pseudo-Goldstone 
masses 18[]. 

Within the large-A^c limit, the amplitudes is given by 
tree-level meson exchanges: 
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where the sum goes over the different resonance multi- 
plets. 

In general, there is a reduced knowledge on the spec- 
trum at high energies and just the lightest resonances are 
moderately well known. Thus, one is forced in many 
cases to truncate the infinite tower of large-Afc states 
and to work with a finite number of them or even within 
the single resonance approximation, as we did in the 
present work (]]]. Still, one may think about interpo- 
lating this rational approximation between low-energies 
-ruled by ^PT- and the deep Euclidean domain at p 2 — > 
-oo -governed by the OPE- ffl . After demandin g fo r 
110) the short-distance OPE behaviour U Bill], 
this minimal hadronical approximation produces the 
large-JVc Weinberg sum-rules (WSR) Hzl] 
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where the tiny contribution e from the dimension four 
condensate 11180 is usually neglected, as we do in the 
present work yj]. 

However, there are several caveats that may be raised 
to this kind of procedures since the truncation might, 
in principle, induce important uncertainties in the LEC 
determinations lfl9ll . Indeed, if one analyzes a grow- 
ing number of observables eventually one reaches in- 
consistences between high-energy constraints from dif- 
ferent amplitudes I20I Bill . Thus, the meson couplings 
of the truncated theory cannot be the same as in full 
QCD, being closer for the lightest states but, possibly, 



very different for the heaviest ones 111411 . The conclu- 
sion is that there is always a price to pay when apply- 
ing high-energy constraints to truncated large-A^c am- 
plitudes 02211 . 

But the price can be paid in different ways and one 
can check out the approximations by observing how 
much the outcomes differ between one approach and an- 
other, e.g. between the determination from Ref. II 1011 and 
this work yj . Thus, the S S - PP dispersive calculation 
carried out in Ref. Holl was repeated here by explicitly 
computing the different diagrammatic contributions up 
to one loop [1]. The main difference was that now we 
demanded high-energy constraints for the whole cor- 
relator Yl{s) and not for each separate two-meson cut. 
Likewise, We did not consider short-distance condi- 
tions from other amplitudes, as it was done in Ref. [10], 
where constraints from the VV - AA correlator and the 
vector and scalar form-factors were taken into account. 

The starting point of all the analysis is the LO La- 
grangian, which in addition to the leading tree-level am- 
plitudes (LO in 1 /Nc), also generates the leading one- 
loop diagrams (next-to-leading order in 1 /Nc)- The full 
large-A^c generating functional is then approached by 
the addition of more and more complicated terms to 
the R^-T action. First we consider the simplest opera- 
tors X.c and X.r, with, respectively, only Goldstones and 
one resonance field together with any number of Gold- 
stones fl. This is the relevant Lagrangian if one re- 
mains at tree-level. But at one-loop one needs to provide 
also a good description of the cuts with one resonance 
and one chiral Goldstone. One has then to consider the 
next relevant operators, 

-Crr' = «r< [Vf, W > + 4 A < ws> V)« v > 

+4 P ({VS,F\u ll ), (5) 

which contain Goldstones and two-resonance fields (as 
one of them can be in the s-channel connected with the 
external scalar and pseudoscalar sources). In principle, 
one could go further and include also operators with 
three resonance fields to mend the two-resonance cuts. 
Nonetheless, we already found a good convergence to 
our final result without them. The RR' channels have 
their thresholds at (Mr + Mr>) ~ 2 GeV and are sup- 
pressed enough at low energies for our current level of 
precision [21]. 

In general, at next-to-leading order in 1 /Nc (NLO) 
the perturbative calculation of the SS - PP correlator 
Tl(p 2 ) shows the generic structure [ 1 ] 
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where W(p 2 ) l ~ e ° op contains the finite part of the one- 
loop diagrams after renormalizing the couplings c m , d m , 
Ms, Mp and L 8 . Notice that other possible NLO opera- 
tors of the RyT Lagrangian that could contribute to Yl(s) 
are proportional to the equations of motion and have 
been already removed from the action for the compu- 
tation of Eq. ©, by means of convenient meson field 
redefinitions IjJ, |a [Zl 12311 . Their information is then en- 
coded in the remaining surviving couplings c m , d m , Ms , 
Mp and L% . 

Next, we demand © to vanish like 1/p 6 at high Eu- 
clidean momentum, as OPE dictates (after neglecting 
the tiny dimension four condensate 11171 11810 . At the 
one-loop level one has 
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where now there are ln(-p 2 ) terms with n = 0, 1, 2 
which provide three large-Afc conditions a Q — a 2 = 
ay — 0. From the non-log constraints we find, on one 



hand, the value L 8 (yu) = 12411 and, on the other, the 
WSRs of © get now NLO corrections A(p) and B(p), 

2F 2 + l6d m (M) 2 - 16c m (p) 2 + A(p) = 0, 
l6d m (n) 2 M P (ji) 2 - 16c m (p) 2 M s (p) 2 + B(p) = 0. (8) 

These relations allow us to fix the renormalized cou- 
plings c m (p) and d m (p) up to NLO in 1 /Nc 

Now, we are in conditions to perform the low-energy 
limit. The first thing to notice is that one recovers ex- 
actly the coefficients of the chiral logs from ^PT, in- 
dependently of the value of the R^T couplings. Thus, 
the matching with ^-PT is always possible and the run- 
ning of the LEC can be always recovered i24ll . produc- 
ing here the LEC predictions |l|] 
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The leading terms, with c 2 n and d 2 v come from the low- 
energy expansion of the tree-level resonance exchanges, 
L 8 from the local R^-T contribution and £l 8 ,c, 8 from 
the low-energy expansion of renormalized one-loop di- 
agrams. The last simplification comes after substituting 
the high-energy OPE constraints [JJ, |9l LL5|], which set 
L s (p) = (HQ, fix c m (p) and d m (p) through the NLO 



WSR ©, and imposes the three logarithmic large-Afc 
constraints = af* = afP = previously referred IH . 

If we now have a look at the phenomenology and 
make a first large-Afc estimate, we get JU] 

L 8 = (0.8 ± 0.3) ■ 10~ 3 , C 38 = (8 ± 5) • 10~ 6 , (10) 

with M s = 980 ± 20 MeV, M P = 1300 ± 50 MeV, F = 
90 ± 2 MeV and the error given essentially by the naive 
error in the saturation scale p, which was varied between 
0.5 and 1 GeV. 

At NLO in 1 /Nc with the simplest Lagrangian with 
operators £.c+-Cr, with at most one resonance field 13], 
the predictions go completely off, yielding L 8 (//o) = 
(2.28 ± 0.19)10~ 3 and C 38 (^o) = (26 + 4)10~ 6 for the 
standard comparison scale po = 770 MeV, really far 
away from the usual determinations in the bibliogra- 
IB 
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The predictions immediately move 



towards the right direction after including any of the 
three two-resonance operators X.rr> of (0. These three 
new determinations converge into the values L 8 (//o) = 
(l.l±0.3)10" 3 andC 38 Ou ) = (9±4)10~ 6 if one includes 
the £,pv and X.s p operators from ©, which are essential 
for the description of the lightest thresholds (Vn and Sn) 
beyond the nn one. No relevant variation is found after 
adding to this the last operator X.sa in Eq. (0, which is 
needed for the An channel. Thus, we obtain our final 
outcome [ 1], 



U{p ) = (1.0+0.4)- 10- 3 , C 38 (w>) = (8±5)-10- 6 ,(ll) 
•latiyely goc 



in relatively good agreement with former determina- 
tions I 



3. S1S1 - SsSs correlator 

We will have a look now at the connected correla- 
tor of two scalar densities of different flavour j25ll . In 
the chiral limit, this correlator can be written as the dif- 
ference of the SU(3) singlet and octet scalar correlators 
IL-sO? 2 ) = n SlSl (p 2 ) - n SgSg (p^X being provided at 
0(p A ) in ^-PT at low energies by 112511 
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In general, for the R^-T Lagrangians we considered 
(those from previous section), we found in all the al- 
lowed one loop diagrams the singlet-octet relation, 

ns lSl (/) Wo °* = 2n SlSl ( P 2 ) 1 -^, 



(13) 



which means that the two-meson cut spectral function 
obeys the positivity relation 
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In addition, the OPE tells us that 111 g(^) must vanish at 
short distances like 1 /t 2 Il25ll . Hence every separate two- 
meson contribution to Imlls g s g (f) has to vanish like l/? 2 
when t — > oo. The reason for this factor-2 relation is the 
symmetric structure of the meson vertices. Thus, if the 
flavour flow of a general diagram in our R^T calculation 
is analyzed, one explicitly finds this factor: 

{T a {T 



,T d )){{T c ,T d }T b ) 



6{6 ab + 5 M 5 M ). (15) 



The octet generators would correspond to T" with a = 
1, ...8 and the SU(3) singlet one would be T°. 

This leads to the constraints obtained 
works for two-meson scalar form-factors 
^pp- = 1 {nn channel), X\ p = (Pn channel), 

= (An channel). 
If we repeat the procedure applied to the S S -PP cor- 
relator Tl(s) and impose the OPE high-energy behaviour 
on IIi_8(s), we obtain a pretty simple prediction for the 
correlator at low energies and its corresponding LEC: 
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with the last term given by (Y S 6 U ^ 
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- r" (3) )/32n 2 and 
the rji mass mo, and providing the matching between 
U(3) and SU(3) *PT iQj]. The first bracket on the r.h.s. 
contains the tree-level and the one-loop nn contribution. 
The An channel turns out to be exactly zero after per- 
forming the short-distance matching, which demands 
/if = 0. The Pn loops contribute through the term 
proportional to d 2 t in Eq. (fTol l. 

4. Conclusions 

The different caveats about the high energy matc hing 
and the truncation of the large-A^c spectrum lfl4l Il9h - 
2 111 were confronted in Ref. yj]. Although we worked 
with a resonance theory with a finite number of mesons 
and terms in the Lagrangian, a nice convergence to our 
final outcomes was found as more and more operators 
were added to the RyT action. Our result for the octet 
S S -PP correlator was found to be consistent with those 
from previous analyses (H , T^, U ] • 

Following the same procedure, we have started the 
analysis of the difference IIi_8(s) between the SU(3) 
singlet and octet scalar correlators, which also van- 
ishes at short distances B25I1 and provides high-energy 
constraints. The structure of the vertices has led to 
a positivity relation for the two-meson spectral func- 
tion. Hence, each separate two-meson cut and the cor- 
responding scalar form-factors must vanish individually 



at p 2 — > oo 

ana 12111 . This allows one to fix most of 
the resonance parameters entering in this amplitude and 
yields a pretty compact expression for the correspond- 
ing low-energy constant L^(ji) in terms of R^T parame- 
ters. 

References 

[1] J.J. Sanz-CiUero a nd J. Trnka, Phys. Rev. D 81 (2010) 056005 

|arXiv:0912.0495 [hep-ph]]. 
[2] J.J. Sanz-Cillero and J. Trnka, work in progress. 
[3] G. Ecker, J. Gasser, A. Pich and E. de Rafael, Nucl. Phys. B 321 

(1989) 311. 

[4] G. Ecker, J. Gasser, H. Leutwyler, A. Pich and E. de Rafael, 

Phys. Lett. B 223 (1989) 425. 
[5] G. 't Hooft, Nucl. Phys. B 72 (1974) 461; 75 (1974) 461; E. Wit- 
ten, Nucl. Phys. B 160 (1979) 57. 
[6] J.J. Sanz-Cillero, Ph.D. Thesis (U. Valencia, 2004). 
[7] I. Rosell, Ph.D. Thesis (U. Valencia, 2007) 

|arXiv:he p-ph/070 1 248 | ; 
[8] J. Gasser and H. Leutwyler, Nucl. Phys. B 250 (1985) 465. 
[9] MA. Shifman, A.I. Vainshtein and VI. Zakharov, Nucl. Phys. B 

147 (1979) 385-447; 147 (1979) 448-518. 
[10] I. Rosell, J. J. Sanz-Cillero and A. Pich, JHEP 0701 (2007) 039 

|arXiv:hep-ph/0610290]. 

[11] S.-Z. Jiang, Y. Zhang, C. Li and Q. Wang, |arXiv:0907.5229 

[hep-ph]]; A. Bazavov et at (MILC Collaboration), 

|arXiv:0910.3618 [hep-lat]]. G. Am oros, J. Bijnens and P . 

Talavera, Nucl. Phys. B 602 (2001) 87 [arXiv:hep-ph/0101 127 |; 

J. Bijnens and I. Jemos, |arXiv:0909.4477 [hep-ph]]; J. Bijnens, 

larXiv:0909.4635 I thep-phll. 
[12] G. Amor os, J. Bijnens and P. Tala vera, Nucl. Phys. B 568 (2000) 

319-363 |arXiv:h ep-ph/9907264l. 
[13] H. Leutwyler, Nucl. Phys. Proc. Suppl. 64 (1998) 223- 

231 |arXiv:hep-ph/9709408 |; R. Kaiser and H. Leutwyler, 

Eur. Phys. J. C 17 (20 00) 623-649 (arXiv:hep-ph/0007101|; 

(a^5yiFe p-ph/9806336l. 
[14] P. Masjuan and S. Peris, JHEP 0705 (2007) 040 

larXiv:0704. 1247 i rhep-phll. 
[15] S. Weinberg, Phys. Rev. Lett. 18 (1967) 507. 
[16] M. Knecht and E. de Rafael, Phys. Lett. B 424 (1998) 335-342 

[arXiv:hep-ph/9712457]; S. Peris, M. Perrottet and E. de Rafael, 

JHEP 9805 (19 98) 011 [arX iv:hep-ph/9805442]. 

[17] A. Pich, | arXiv:0812.2631 [hep-ph]]; | arXiv:hep-ph/0205030 |. 
[18] M. F. L. Golterman and S. Peris, Phys. Rev. D 61 (2000) 034018 

[ariflvihe p-ph/9908252 |. 
[19] M. Golterman and S. Peris, Phys. Rev. D 74 (2006) 096002 

|arXiv:hep-ph/0607152 |. 
[20] J. Bijnens, E. Gamiz, E. Lipartia and J. Prades, JHEP 0304 

(2003) 055 |arXiv:hep-ph/0304222 |. 
[21] A. Pich, I. Rosell a nd J. J. Sanz-Cillero, JHEP 0807 (2008) 014 

larXiv:0803. 1567 i rhep-phll. 
[22] J.J. Sanz-Cillero, Nu cl. Phys. B 732 (2006) 136-168 

|arXiv:hep-ph/0507186|. 
[23] I. Rosell, J. J. Sanz-Cillero and A. Pich, JHEP 0408 (2004) 042 

|arXiv:he p-ph/0407240 ] . 
[24] I. Rosell, P. Ruiz-Femem'a and J.J. Sanz-Cillero, Phys. Rev. D 

79 (2009) 076009 |arXiv: 0903. 2440 [hep-ph]]; J. Portoles, I. 

Rosell and Pedro Ruiz-Femenia, Phys. Rev. D 75 (2007) 1 1401 1 

|arXiv:hep-ph/0611375| . 
[25] B. Moussalla m, Eur. Phys. J. C 1 4 (2000) 1 1 1-122; JHEP 0008 

(2000) 005 |arXiv:hep-ph/0005245 |. 



4 



